INTRODUCTION
Variation in temperature range is being an environmental stress factor which affects cellular homeostasis and results in growth retardation and also affects reproduction and leads to variations in antioxidants content of seafood (Guerriero et al., 2002; Dong et al., 2008; Wentworth et al., 2018) . The heat shock response (HSR) is known to be a possible cellular technique which may affect the upper thermal tolerance of any organism (Lee et al., 2016) . The HSR is recognized by the ability to synthesize many protein types, Heat Shock Proteins (HSPs), establishing and refolding proteins in addition to leading formerly denatured proteins to the proteolytic machinery (Tomanek, 2010; Roberts et al., 2010; Wang et al., 2015; Zunino et al., 2016) . In contrary to the HSR, that gave rise to transient stimulation of HSPs as a result of any unexpected heat shock, acclimation reaction refers to physiological variations that presented if the organism suffered from temperature changes for a long period (Lewis et al., 2016) . The HSR was investigated in many studies covering model and non-model organisms (Buckley and Hofmann, 2002; Muzio et al., 2016) . It was noted that the heat shock factor 1 is able to mediate up-regulation of HSPs like HSP70 and HSP90 acts a critical role in survivability providing to the organisms subjected to heat stress (Fangue et al., 2006; Tomanek and Somero, 2002; Copat et al., 2012) . However, cellular HSR differs among species based on variable temperature rates in which they live in (Tomanek, 2010) . Organisms that inhabit fluctuated thermal environments, such as the intertidal area (<20ºC), produce the hSR considerably. Such species are found close to their thermal borders that the maximum temperatures they can manage an HSR is lightly higher than the extreme limits based on regular basis, then any increase in temperature may lead to their evanescence (Tomanek, 2010) . However, in contrast, the species inhabiting moderate variations in temperature, such as the sub-tidal area, promote the HSR at temperature limits higher than those they could manage in environment. Also, both of duration and magnitude of heat stress influence expression dynamics of HSP genes (Tomanek, 2010) . Possible hazards of climate change on some fish species was studied with killifish (Austrofundulus limnaeus) after exposure for for 14.5 days to both constant temperatures (20, 26 or 37ºC) and also daily variations (20 to 37ºC).
Results indicated that fish showed great response to different temperature limits, that higher HSPs (HSP70 and HSP90) were up-regulated during stable elevatedtemperature level exposure time (Podrabsky and Somero, 2004; Piscopo et al., 2018; Somero, 2010) .
Since the fish represents a pivotal role in human diet, very important is to detect the effect of temperature alteration that can induce overexpression with reduction of antioxidants at same time as physiological defence and nutritional factor for the consumers. To investigate the potential alteration operated by the temperature on fish filet of Epinephelus coioides and Sparus aurata, marine fish widely known for human feeding, value of the HSPs gene expression and antioxidants activity for the same species obtained from fish of Suez Gulf are compared with those obtained for samples of fish of Alexandria.
MATERIALS AND METHODS

Chemicals
The used reagents for qRT-PCR: kits, chemicals, and primers were bought from Invitrogen (Germany). All chemicals and reagents were from the highest available purity.
Fish sampling
Fish sampling was collected in the period between April to August of 2017 from different locations at Suez Canal (N29º 57 47, E 32º 35 03) and Alexandria (N 31º 18 42, E 30º 02 41) with water temperature between (19:24ºC; 23:28ºC) respectively. The samples were transported in icebox and analysis was performed as soon as possible. Then, liver and gills tissues of fish sampled from different sites were kept in liquid nitrogen till biochemical and molecular biological analyses.
Gene expression analysis Total RNA Isolation
We used TRIzol® reagent (cat#15596-026, Invitrogen, Germany) for total RNA extraction from liver and gills tissues of Spotted grouper (Epinephelus coioides) and Seabream (Sparus aurata) referring to the instructions of manufacturer after some modifications. The extracted pellet of RNA was then resolved in Diethyl-pyro-carbonate (DEPC) treated water and then preserved at -80°C. The extracted total RNA was then dealt by 1 unit of RQ1 RNAs free DNAs (Invitrogen, Germany) to digest residues of DNA and re-suspended in DEPC-treated water and quantified at 260 nm photospectrometrically. Total RNA purity was determined by the 260/280 nm ratio that was between 1.8 and 2.1. Moreover, integrity was confirmed using Ethidium bromide stain analysis of 28S and 18S bands by formaldehyde-comprising agarose gel electrophoresis. Aliquots were then used immediately in experiments for reverse transcription (RT), otherwise, they were preserved at -80°C.
Reverse transcription (RT) reaction
The complete Poly (A) + RNA isolated from tissues of Spotted grouper and Seabream was transferred to cDNA in a total volume of 20 µl by using revert aid first strand cDNA synthesis kit (Fermentas, Germany). Total RNA (5µg) was used in a master mix (MM). The MM contained reverse transcription (RT) buffer (10 mM Tris-HCl; pH 8.3; 50 mM KCl), 50 mM MgCl 2 ,10x, 10 mM of each dNTP, 20 IU ribonuclease inhibitor (50 kDa recombinant enzyme to inhibit RNase activity), 50 µM oligo-dT primer and 50 IU MuLV reverse transcriptase. The sample mixture was centrifuged at 1000 g for 30 sec and transferred to precede thermocycler. The RT reaction was carried out for 10 min at 25°C, followed by 1 h at 42°C, and terminated by a denaturation step for 5 min at 99°C. Afterwards, the reaction tubes with RT preparations were flash-cooled in ice chamber still being used in cDNA amplification using real time polymerase chain reaction (RT-PCR).
Semi-quantitative real-time-PCR (qRT-PCR)
A step one real-time PCR system (Applied Biosystem, USA, 2000) was applied to detect cDNA copy number of Spotted grouper and Seabream. To constitute PCR reaction, a final volume of 25 mL of was prepared as follows: 0.5 ml of 0.2 mM forward and reverse primers,12.5 ml of SYBR® green (Takara, Biotech. Co. Ltd.), 6.5 mL DNA-RNA free water, and finally 2.5 ml of synthesized cDNA. The cDNA was replicated by using reaction program of 3 steps. In the first step, PCR tubes were incubated at 95°C for 3 min. In the second step, reaction program is comprised of 50 cycles. Each cycle consisted of 3 sub-steps: (a) 15 sec at 95°C; (b) 30 sec at 60°C; and (c) 30 sec at 72°C. in the third step reaction program consisted of 71 cycles. The first cycle started at 60°C for 10 sec and then the other cycles increased gradually by 0.5°C every 10 sec up to 95.0°C. A melting curve of the reaction was done for each qRT-PCR termination step at 95.0°C to determine quality of used primers. For verification of the qRT-PCR reaction that wasn't contaminated, PCR tubes with no template control were used. The primer sequences were listed in Table 1 (Abdel-Gawad and Khalil, 2013 and Chen et al., 2010) . Relative quantification of target genes to the reference (β-Actin) was evaluated by applying the 2− ΔΔCT technique (Livak and Schmittgen 2001).
Glutathione peroxidase and glutathione-S-transferase activities
The activity of glutathione peroxidase (GPx) was determined by following the rate of NADPH oxidation at 340 nm by coupled reaction with glutathione reductase (Puerto et al., 2011; Habig et al. (1974) .
Statistical analysis
Data were analyzed by using one-way analysis of variance ANOVA and significance of differences among means was tested by applying Duncan's multiple range test (P < 0.05). The software used in data analysis was SAS, version 9.1 (Statsoft Inc., Tulsa, USA, 2013). Values were then expressed as means ± standard deviation.
RESULTS
Expression of heat shock protein genes
The expression levels of heat shock protein genes (HSP47, HSP70 and HSP90), as stress protein genes in liver and gills of Spotted grouper and Seabream fish, are summarized in Fig. 1-3 .The results showed that the expression levels of all heat shock protein genes were higher in gills tissues than liver tissues.
Moreover, the heat shock protein genes expression levels were up-regulated in Spotted grouper and Seabream collected from Suez Canal compared with those collected from Alexandria (Figs. 1-3) . Also, the results revealed that expression levels of HSP47 gene reached their highest levels when compared with expression levels of HSP70 and HSP90 genes. Similar findings were obtained in results of the real time-PCR assay when performed for each sample isolated from different sites throughout sampling period.
Activity levels of Glutathione Peroxidase and Glutathione-S-Transferase
Results of enzymes activity were presented in Fig. 4 , 5. The obtained results showed that activity levels of antioxidant enzymes GPx and GST decreased significantly (P< 0.05) in gills tissues when compared with liver tissues. Moreover, activity levels of GPx and GST decreased in Spotted 
DISCUSSION
It is well known that fish response to different stress factors, either heat or pollution, is done through eliciting a general physiological stress response which may involve proteins and stress hormones (Iwama and Vijayan, 1999) . The major cellular response in both vertebrates and invertebrates against any stressor is the expression of heat shock proteins. They are known by their ability to support the folding of nascent polypeptides, arrange the repair and degradation of denatured proteins and also prohibit irreversible protein accumulation (Haslbeck and Vierling, 2015, Piscopo et al., 2018) .
The following research study revealed the potential alteration in HSP gene including HSP47, HSP70 and HSP90 as well as antioxidant enzyme activities during the hot summer in Egypt. The results showed that the expression levels of all heat shock protein genes were up-regulated in Spotted grouper and Seabream collected from Suez Canal compared with those collected from Alexandria. During the warm and hot summer, the water quality is influenced due to different changes in the water and sediments as physicochemical profile (Mahanty et al., 2017) . The water contents of phosphate, nitrate and also pH varied greatly and affect fish health and survival (Guerriero et al., 2002) . Furthermore, as the hot spring waters were known to be rich in trace elements that may act as environmental stressors (Reddy et al., 2013) . Oxidative stress, as known, can be detected by different approach using morphological, ultrastructural, immunoreactivity, chemical, biochemical and molecular approach (Scalici et al., 2017; Bartiromo et al., 2013; Guerriero et al., 2005; Guerriero, 2017ab; Pecoraro et al., 2017; Pecoraro et al., 2018) . Variation in expression levels of HSP genes could be expected as a result of water physicochemical parameters alteration in Suez Canal and Alexandria, even though water quality wasn't analyzed. To overcome such point, more research dealing with mesocosm, changes of pH, phosphate and nitrate is going on. The results of the present study exhibited that the expression levels of all heat shock protein genes were up-regulated in Spotted grouper and Seabream collected from Suez Canal compared with those collected from Alexandria. These results indicating that the physicochemical properties of water in Suez Canal are possibly changed as environmental stressors affecting the expression of HSP genes. The present study showed that the expression levels of HSP47, HSP70 and HSP90 were overexpressed in Spotted Grouper and Sea bream collected from Suez Canal compared with those collected from Alexandria. During the thermal stress, HSP90 is known to be one of the most commonly expressed hopes that protects the organism cells through reacting with some co-chaperones (Fangue et al., 2006) . Moreover, it is included in substrate discrimination and also folding of the improperly folded proteins (Soroka and Buchner, 2012) . During thermal adaptation in pathogenic yeast, HSP90 was reported to Rochester transcriptional regulation by HSF1 (Leach et al., 2012) . It was found that HSP90 is a suitable biomarker of thermal stress in loggerhead turtle embryonic samples (Tedeschi et al., 2015) . The samples of Garra rufa collected from Kangal hot spring, Turkey suffered from thermal stress revealed up-regulation of HSP90 genes (Oksala et al., 2014) . So, the results obtained in our research represented in up-regulation of the HSP90 in fish samples collected from Suez Canal in the hot season is considered as indicator of some important functions acted by HSP gene. The HSP70 family genes were found in many organisms, they also prohibit accumulation of polypeptides and assist in refolding of proteins subjected to damage as a result of thermal stress (Kregel, 2002) . The family genes of HSP70 include two forms: 73 kDa protein (HSC70) and the stress-inducible protein (HSP70) (Barnes et al., 2001 ) and we used in our research the most likely inducible one, HSP70. Protective effect against cytotoxic effects of hyperthermia was pronounced in the up-regulation of HSP70 (Colson-Proch et al., 2010) , in the present study HSP70 up-regulation in marine fish may have a cytoprotective role as a mechanism of survival after exposure to heat stress. Furthermore, Colson-Proch et al. (2010) found that a slight increase in temperature (2ºC) had no effect while more increase (6ºC) lead to thermal stress. From such findings, the increase in water temperature in our results in hot season may be considered the main reason of up-regulation of the HSP70. HSP47 was known as endoplasmic reticulum-resident heat shock protein that proposed to have a vital role as a molecular protein which was essential for post-translation folding of fibril-forming collagens adjusting procollagen chain folding and/or structures (Ojima et al., 2005) . In the following study, HSP47 expression was up-regulated more than other genes in Spotted grouper and Seabream collected from Suez Canal compared with other samples collected from Alexandria. A similar increase in HSP47 transcription level was observed in the gonadal cells of rainbow trout (Oncorhynchus mykiss), (Pearson et al., 1996) and zebrafish embryos (Park et al., 2008) subjected to high-temperature squeeze. The activity of antioxidant enzymes have been used to evaluate the response of aquatic organisms under thermal stress (Mueller et al., 2012) and other environmental stressors (Abele et al., 2001; Fasulo et al., 2015; Abdel Gawad et al., 2014; Abdel Gawad et al., 2016; Guerriero et al., 2003; Abele et al., 1998) . In this regards, we have investigated the effect of heat stress in the hot season which affects the activities of enzymes involved in oxidative metabolism and antioxidant defences in the gills and liver tissues of Spotted grouper and Seabream collected from Suez Canal and Alexandria. The results of the this study showed that the activity levels of GPx and GST were decreased in Spotted grouper and Seabream collected from Suez Canal compared with those collected from Alexandria due to the increase of temperature of water body in Suez Canal compared with the temperature of water body in Alexandria. These findings are in agreement with those of Machado et al. (2014) , who reported that heating of temperature influenced the levels and profiles of the antioxidant enzymes as physiological defense and, in particular, the detoxication of electrophile compounds by GST. Taken together, the oxidative stress biomarkers as already reported in Zhao et al. (2017) could be useful tools for assessing the impact of global temperature on global food supply.
CONCLUSIONS
The main focus of this study was to address possible environmental and food assessment of fishes under climate changes using toxicological markers. The results indicate that the increase in temperature of water body of Suez Canal induced responses affecting the expression of HSP genes and antioxidant enzyme activities as antioxidative defences of Spotted grouper and Seabream during the hot season. Increase of HSP genes expression in marine fish species collected from Suez Canal could be considered as reduced role in prohibiting heat shock transcription factor that may lead to activation of heat-inducible genes and heat acclimation and used as valid biomarker in the food control safeguard the consumers. Thus, warming of water is also likely to alter the composition and abundance of food resources, e.g. fish muscles, available to higher trophic level consumers. 
